Background: Debridement and irrigation with prosthetic retention followed by antibiotic therapy (DAIR) is one of the treatments of choice in acute infections after a total knee arthroplasty. However, the success rate varies widely in the literature, depending on several factors such as comorbidities of the patient, duration of infection, and microorganisms involved. The goal of this study was to assess the outcomes of this therapeutic option and to identify possible predictors of the result. Methods: We retrospectively reviewed cases of acute postoperative (≤ 3 months from index procedure) and acute hematogenous periprosthetic knee infections treated with DAIR at our hospital between 2004 and 2016. Overall, 26 knees were included, with a mean age of 73.4 years. Several variables related to patient characteristics, infection type, and surgery were examined to evaluate their influence on outcome, and functional and radiographic outcome were assessed. The mean follow-up was 41 months. A descriptive analysis was carried out on the collected data, and a univariate analysis was performed with the objective of searching for influential factors in the resolution of the infection using the chi-square nonparametric test in the case of the categorical variables and the Wilcoxon test for the continuous ones. Moreover, univariate cox regression analysis was performed. Results: The overall success rate was 77% at the last follow-up, recording a significantly greater cure in acute infections (93% acute vs 58% acute hematogenous, p = 0.03). The infections in which the Staphylococcus aureus was isolated had a significantly lower cure rate, with only 33% of success, compared to 82% of the non-aureus microorganisms (p < 0.05).
Introduction
Infection after total knee arthroplasty (TKA) is one of the most devastating complications and one of the most frequent causes of revision, together with aseptic loosening and instability. It is estimated that its incidence is between 1 and 2% after primary prosthesis and up to 5-6% in revision surgery [1] . The gold standard for treating deep chronic infections is two-stage reimplantation since these infections are very difficult to control with debridement and irrigation with prosthetic retention followed by antibiotic therapy (DAIR) [2, 3] . In case of acute postoperative and acute hematogenous infections of TKA, DAIR is one of the treatments of choice. However, its success rate varies widely in the literature (18-100%) [4] [5] [6] , depending on the factors of the patient, duration of infection, microorganisms involved, debridement technique, type of antibiotic, and duration of the antibiotherapy. In the current literature, controversy remains as to whether DAIR should be performed for both acute postoperative and acute hematogenous infections, or just in the acute ones, since a substantial number of patients with acute hematogenous infections ultimately experience a relapse of infection after this less-aggressive procedure. [7, 8] .
The goal of this study was to assess the clinical and radiological results following this therapeutic option, to identify possible predictors of outcome and to compare the outcomes between hematogenous and acute periprosthetic knee infections.
Materials and methods
We performed a retrospective study of all the patients diagnosed with an acute postoperative or acute hematogenous periprosthetic joint infection (PJI) after TKA who underwent DAIR at our institution during the period between 2004 and 2016. Patient consent and approval from the institutional research ethics board were obtained. We used the criteria established by the Musculoskeletal Infection Society (MSIS) [9] to diagnose infection. Following the criteria of the Proceedings of the 1st International Consensus Meeting on Periprosthetic Joint Infection [10] , we performed DAIR in early postoperative infections that occurred within 3 months of index primary arthroplasty with less than 3 weeks of symptoms or in acute hematogenous infection, which were characterized by an acute onset of symptoms, in a previously well-functioning knee arthroplasty, with less than 3 weeks of symptoms, secondary to another infection. All patients who underwent DAIR for acute post-surgical or acute hematogenous PJI and meet the MSIS criteria for PJI were included. Patients who underwent DAIR who did not meet these definitions, those who underwent reimplantation surgery, those with a megaprosthesis, and those with missing demographic or surgical data were excluded.
We considered culture-negative PJI, as a culture of a joint aspirate or intraoperative specimens negative for aerobic and anaerobic bacteria, in conjunction with purulence surrounding the prosthesis, acute inflammation on histopathologic examination at the time of surgery, or a sinus tract communicating with the prosthesis, with or without prior use of antimicrobials, following the definition given by Marculescu et al. [11] . The infection was considered eradicated in patients with absence of infectious symptoms, normalization on inflammation markers (CRP and ESR), free of antibiotic therapy, and without the need for prosthetic replacement with a minimum followup of 1 year. Failure was defined by the Delphi International Consensus Criteria [12] within 1 year of followup: It was considered as a failure of treatment if there was an infection recurrence caused by the same microorganism, if any additional subsequent surgical intervention was performed for infection following DAIR, or if death related to PJI happened. Sociodemographic data of the patients were collected, as well as body mass index (BMI), associated medical comorbidities, type of infection, the American Society of Anesthesiologists (ASA) physical status classification system score, and the Age-Adjusted Charlson Comorbidity Index (ACCI) [13] .
All operations were performed at our institution by different surgeons with distinct levels of experience (at least > 5 years) in knee arthroplasty. In all cases, we used the same surgical incision and extensive debridement was carried out, collecting samples for microbiology (at least five) and washing with 9-12 l of normal saline. In all cases, polyethylene was replaced. During surgery, no case of loosening of the components was identified and a drain was inserted in all cases.
Postoperatively, all patients received antibiotic therapy. Empirical antibiotics were started after taking intraoperative samples and adjusted when causative organisms were identified and sensitivities determined. All the treatment was carried out by the Infectious Diseases Department of our institution. The mean duration of antibiotic therapy postoperatively was 12 weeks (range, 4-53 weeks), with priority given to biofilm-active antibiotics such as rifampicin and/or fluoroquinolones.
Clinical results were evaluated using the visual analogue pain scale (VAS), the validated Knee Society Score scale (KSS) in Spanish [14] , and the level of ambulation. Likewise, a radiographic analysis was performed to determine possible radiolucency or periprosthetic osteolysis, through the Radiographic Evaluation of the Knee Society [15] . Patients were referred for clinical and radiological assessment at 3 weeks, 3 months, 6 months, 1 year, and every 1 to 2 years thereafter. Also, they were followed up by an infectious disease specialist with experience in the management of orthopedic infections. The minimum follow-up period was 1 year.
During the study period, 26 patients (11 women and 15 men) met the inclusion criteria of the study and were treated at our institution. The mean age of the patients was 73 years (range 57-83), with a mean BMI of 30 kg/m 2 and an age-adjusted Charlson comorbidity index of 4.3. In 88% of the cases, prosthesis implantation was performed at our institution and the main indication was osteoarthritis. Almost all of the infections were on primary prostheses, except for 2 cases, which were on revision prostheses, due to aseptic loosening. The most common type of implant fixation was hybrid (n = 21), followed by cemented (n = 5). Fourteen of the patients presented an acute knee prosthesis infection, and 12 patients had an acute hematogenous infection. The mean time from index surgery to DAIR was 22 days (range 12-47 days) in acute infections and 26 months (range 4-96 months) in acute hematogenous ones. The mean duration of symptoms was 15 days (range 3-21 days).
Statistical analysis
A descriptive analysis was carried out on the collected data in which the categorical variables were shown in the form of frequencies and percentages and the continuous variables in means and standard deviations. A univariate analysis was carried out with the objective of looking for influential factors in the resolution of the infection using the chi-square nonparametric test in the case of the categorical variables and the Wilcoxon test for the continuous ones. Moreover, univariate and multivariate Cox-regression analysis were performed. All effects were considered statistically significant when p < 0.05. All analyzes were performed using SAS software, version 9.4.
Results
The mean follow-up was 3.4 years (1-12 years) with 20 knees (77%) free of infection at the last follow-up. The outcome was successful in the majority of the early postoperative infections (93%) whereas in the hematogenous group, only 58% had resolution of the infection (p = 0.03). In the analysis of comorbidities (Table 1) , none of them showed to influence the risk of failure, performing neither a univariate nor multivariate Cox-regression model. As a dependent variable, the follow-up time to the event was set up. As independent variables, those with a p value < 0.20 were included in the model. Based on the unadjusted results (Table 2) , the subsequent variables were considered: side, malignancy, hypertension, thyroid disease, and the presence of the infection caused by streptococcus and polymicrobials. Using the backward procedure, the final multivariate model only included the side of the intervention. There was no difference in outcome based on duration of symptoms. The duration of symptoms for the successfully treated group averaged 15.6 days before DAIR, whereas the failure group averaged 14.8 days (p = 0.44). However, we observed a trend towards a higher cure rate when debridement was performed in the first 10 days compared to whether it was performed later (87% vs 60%), although statistical significance was not reached (p = 0.1). Microbiological findings are presented in Tables 3 and 4. Regarding the causative microorganisms, overall, in 19 cases, it was identified. The most frequently isolated microorganism was gram-negative bacilli (GNB) (27%), followed by coagulase-negative staphylococcus (CoNS) (23%). The infections in which the Staphylococcus aureus was isolated (12%) had a significantly lower cure rate, with only 33% of success, compared to 82% of the non-aureus microorganisms (p < 0.05).
Regarding the KSS at the end of the follow-up, there were no statistically significant differences between the failures and the success treatment group, with a mean value of 67. There was a tendency of a higher KSS in the failure group, who were treated with revision arthroplasty, with an average of 75, compared to the successfully treated group, with an average of 65 (p = 0.5). At the final follow-up, mean pain, measured by VAS score, was 4.2 (range, 1-7). Regarding mobility, 25% of patients were able to walk without help, 54% needed a stick, 17% needed two crutches, while 4% were not able to walk. The radiology at the end of the follow-up did not show any case of loosening, although there were 8 patients (31%) with radiolucencies less than 2 mm in the tibial component (zones 1 and 2) .
Overall, 7 local complications were recorded after debridement, including hematoma in 2 and wound dehiscence in one. All of them healed with local wound treatment, and none of them needed second debridement. One systemic complication was registered, which consisted in acute thrombocytopenia due to antibiotherapy. No one required second DAIR, and neither mortality due to infection was registered. In 5 of the 6 cases in which debridement failed, a two-stage revision was performed, while in one case suppressive antibiotherapy was chosen. The eradication rate after the two-stage revision was 100%.
Discussion
DAIR as a treatment modality for both acute postoperative and acute hematogenous PJI remains a controversial issue, since the success rate varies widely in the literature. The main difficulty in interpreting results lies in the different criteria used to select patients for a DAIR, the classification of PJI used, the antibiotherapy protocol, and the follow-up duration among other factors [6] .
In the present study, we have shown that a considerable percentage of patients with an early PJI can be successfully treated with DAIR. However, we found that acute postoperative infections have significantly better results as compared to acute hematogenous ones, and this result is widely supported in previous studies [16] [17] [18] [19] [20] [21] [22] . Vilchez et al. [23] demonstrated that hematogenous infection is an independent predictor of failure; in their series, it was targeted that the failure rate in hematogenous and early post-surgical PJI was 59% and 25%, respectively. In addition, Lora-Tamayo et al. [24] found poorer prognoses in hematogenous infections in comparison to acute ones. These results could be supported by the fact that hematogenous infection is usually related to a systemic infectious disease with a higher bacteriemic load; therefore, the response to the DAIR in these circumstances could result in less success. The patient's immunity is an established factor for infection control. Segawa et al. [25] concluded that the compromised immune status was a major factor associated with treatment failure. In our study, we did not identify any statistically significant hazard ratio determining the relationship between the included factors and treatment failure.
Many investigators have demonstrated that the duration of the symptoms before debridement is a crucial prognostic factor for success of DAIR. Narayanan et al. [26] showed that early DAIR (within 2 weeks since the symptoms started) had higher rates of treatment success (82 vs 50%, p = 0.024). In our series, no time-dependent variables were associated with success, but a trend towards a shorter time between appearance of symptoms and debridement was observed among successfully treated patients, although we did not find any statistical difference. The virulence of the causative microorganism is also an important issue. In many studies, Staphylococcus aureus has been shown to be an independent risk factor for failure [17, 20, [27] [28] [29] . In our series, when comparing outcomes of S. aureus to non-aureus, failure was significantly higher in the S. aureus group (33% success vs 82% success respectively, p = 0.05). In addition, some studies have concluded that the higher rate of failure is found in infections caused by methicillin-resistant S. aureus (MRSA) [24, [30] [31] [32] [33] . We could not study this factor since our three infections caused by this microorganism were methicillin-sensitive.
When to stop antimicrobial therapy in patients with DAIR and a favorable clinical course remains an open question. In some studies, favorable outcomes have been reported with only 4 weeks of a "short guideline" therapy [4, 25, 34] , unlike the long therapy recommended by other authors [35] . In our series, the choice of antibiotic selection and duration of therapy (mean duration 3 months) was made by the Infectious Diseases Department, and we found that the duration was similar for cured patients and for failures. Thus, it seems that, at least for a substantial proportion of patients, it is not necessary to give prolonged antibiotherapy. Nevertheless, we cannot exclude that a longer duration of therapy could have improved overall results.
Finally, our study shows that a considerable percentage of patients with an early PJI can be successfully treated with DAIR, but as a retrospective observational study, there are some limitations due to its design and also that our series includes a small sample size, attributable to the fact that PJI is relatively uncommon. However, all the patients were treated using the same surgical protocol, in the same center, and selected with the same inclusion criteria defined by MSIS.
Conclusions
Our study emphasizes a highest risk of failure in acute hematogenous infections treated with DAIR. This procedure is a common surgical modality at our institution and may be a successful treatment in acute infections, but with less probability of success when we are facing hematogenous infections. 
